A quick in vitro mutagenesis method for the construction of nested deletion libraries was developed. Many deletions can be obtained in a single inverse PCR (IPCR) by replacing one of the two primers with a mixture of 5′-truncated oligodeoxynucleotides. Since chemical DNA synthesis proceeds from the 3′ to the 5′ end, such a mixture of 5′-truncated oligodeoxynucleotides can easily be obtained in a single automated DNA synthesis under reduced coupling efficiency. This deletion mutagenesis method yields many different deletions in a defined short DNA segment and is, therefore, best suited for a deletion analysis at base pair level. Applications might include functional analysis of regulatory DNA segments and protein engineering work that requires libraries for the expression of N-terminal, C-terminal or internal truncated proteins as well as fusion proteins having different splice sites.
Many mutagenesis strategies have been developed to delete nucleic acid segments from plasmid DNA at defined positions (1) . Deletions can be created by using two naturally occurring restriction sites, by oligonucleotide-directed 'loop-out' mutagenesis or by time-controlled digestion of linearized plasmid DNA with exonuclease III or BAL 31. More recently, methods that rely on polymerase chain reaction (PCR) technology have been developed. Deletions can be introduced by PCR overlap extension (2) or by the 'megaprimer' procedure (3) . Alternatively, deletions can be obtained by inverse PCR (IPCR) (4) . The main advantage of IPCR is that only two primers in a single PCR are needed and no subcloning step is necessary. However, IPCR has not gained much popularity for mutagenesis work. Since the size of commonly used plasmids ranges from 3 to 6 kb, rather long pieces of DNA have to be amplified, and this can be very difficult to achieve with Taq DNA polymerase. By adding another thermostable polymerase possessing a 3′→5′ exonuclease activity to the Taq DNA polymerase it is now possible to amplify DNA fragments of up to 35 kb (5), and thus the major limitation of IPCR is eliminated.
Unfortunately, with most of these methods only one deletion per experiment can be created. Since deletions are often made to study the function of regulatory DNA regions or the function of parts of proteins, many deletion experiments are required. Only the exonuclease digestions produce pools of deletions. However, with their high complexities they become impractical for functional analysis at base pair level. Therefore, a deletion mutagenesis method that yields a library of deletions in a defined short DNA segment is needed.
We present herewith such a deletion mutagenesis method based on IPCR technology (Fig. 1) . The plus strand DNA synthesis is primed with a mixture of 5′-truncated oligodeoxynucleotides. Since chemical DNA synthesis proceeds from the 3′ to the 5′ end, such a mixture can easily be obtained in a single DNA synthesis under reduced coupling efficiency. In contrast to the plus strand synthesis the minus strand synthesis is primed with an oligodeoxynucleotide of defined length. The IPCR results in a mixture of linear double-stranded DNA molecules with blunt ends, 5′ or 3′ overhangs on one side and only blunt ends on the other side. The mixture of linear DNA fragments is purified on an agarose gel and treated with T4 DNA polymerase in the presence of all four deoxynucleoside triphosphates (dNTPs) to produce blunt ends (6) . In this step, 3′ overhangs are digested by the 3′→5′ exonuclease activity of T4 DNA polymerase, and 3′-recessed ends are filled in by the polymerase activity. This step also ensures that single base 3′ overhangs, which can be formed by Taq DNA polymerase, are removed. After ligation of the resulting blunt-ended fragments Escherichia coli is transformed with the plasmid mixture.
The utility of this method was demonstrated by the construction of a deletion library for the expression of N-terminal truncated variants of the DNA methyltransferase from Thermus aquaticus (M·TaqI). The mixture of 5′-truncated oligodeoxynucleotides (the sequence is shown in Fig. 2 ) was synthesized on an Applied Biosystems 392 DNA/RNA synthesizer, using standard phosphoramidite chemistry. In a single solid phase DNA synthesis (0.2 µmol scale, standard 0.2 µmol CE cycle) the yield per coupling step was reduced to an average of 95% by simply lowering the phosphoramidite concentration from 100 to 25 mM. After standard deprotection most of the small oligodeoxynucleotides were removed by anion exchange chromatography (Poros HQ/M 4.6 × 100 mm, Perseptive Biosystems) using a linear NaCl gradient (from 400 to 800 mM) in NaOH (10 mM). Only oligodeoxynucleotides eluting at a salt concentration >600 mM were collected. The mixture obtained was neutralized with acetic acid and desalted by gel filtration (NAP column, Pharmacia).
The IPCR was performed with pAGL15-M13, a 5729 bp plasmid carrying the gene for M·TaqI. Plus strand DNA synthesis was primed with the mixture of 5′-truncated oligodeoxynucleotides and started at position 83 of the M·TaqI gene. Minus strand DNA synthesis was primed with an oligodeoxynucleotide (5′-CAT-GGGCTGTTTCCTGTGTGAAATTG-3′) of defined length, which was complementary to the ATG start codon at its 5′ end. For the IPCR both the mixture of plus strand primers and the minus strand primer were phosphorylated using standard procedures (1) . IPCR was performed in a reaction mixture (20 µl) containing Tris-HCl (50 mM, pH 9.2), MgCl 2 (3.5 mM), (NH 4 ) 2 SO 4 (16 mM), BSA (150 µg/ml), dNTPs (250 µM each), linearized vector DNA (0.5 fmol), a mixture of plus strand primers (5 pmol), minus strand primer (5 pmol) and MoBiTaq(L) (6 U). After heating at 94_C for 5 min the plasmid was amplified with 30 cycles of 94_C for 20 s, 56_C for 20 s and 70_C for 6 min. The library of IPCR fragments obtained was purified by low-melting-point agarose gel electrophoresis and extraction with cetyltrimethylammonium bromide (7) . Blunt end formation was performed by incubation of a reaction mixture (10 µl) containing Tris-OAc (33 mM, pH 8.0), KOAc (6.6 mM), Mg(OAc) 2 (10 mM), DTT (0.5 mM), BSA (100 µg/ml), dNTPs (100 µM each), IPCR fragments (100 ng) and T4 DNA polymerase (0.2 U, New England Biolabs) at 25_C for 30 min. After ligation with T4 DNA ligase (New England Biolabs), E.coli (ER2267, New England Biolabs) was transformed with the plasmid mixture by electroporation. Sequencing reactions of purified plasmids from single colonies were carried out using the Terminator kit (Applied Biosystems) and analysed by automated DNA sequencing (373 DNA Sequencer, Applied Biosystems).
We have sequenced ∼250 clones in the region of interest and found 48 deletion mutants of different length (Fig. 2) . Since the deletions were obtained from a mixture of primers with a maximum length of 75 nt and we do not expect primers <11 nt to prime efficiently in the IPCR, this represents 74% of the expected deletions. None of the screened clones was wild-type. The amounts of individual plus strand primers present in our mixture of 5′-truncated oligodeoxynucleotides can be estimated from the autoradiogram in Figure 2 . These amounts correlate well with the number of clones obtained for the corresponding deletion. This clearly demonstrates that the complexity of the synthetic mixture of 5′-truncated oligodeoxynucleotides is indeed transferred into the deletion library during the IPCR-mediated mutagenesis. Our mutagenesis method should be best suited for studies that require many deletions in a defined short DNA segment, and thus it complements other methods which typically yield large pools of deletions.
